We propose a DNA sequencing scheme based on silicene nanopores. Using first principles theory, we compute the electrical properties of such pores in the absence and presence of nucleobases. Within a two-terminal geometry, we analyze the current-voltage relation in the presence of nucleobases with various orientations. We demonstrate that when nucleobases pass through a pore, even after sampling over many orientations, changes in the electrical properties of the ribbon can be used to discriminate between bases.
sequencing, changes in the electrical conductance of single-layer graphene have been used for DNA sensing 26, 27 . In general, direct electrical conductance measurement is more attractive than blockade ionic current measurement, since the response of the former is much faster and the signal to noise is higher. However, monolayer graphene does not show sufficient selectivity 27 .
Here we propose silicene nanopores for DNA sequencing and demonstrate that the electrical conductance of silicene nanoribbons containing a nanopore is selectively sensitive to the translocation of DNA bases through the pore. An example of a silicene nanoribbon containing a nanopore is shown in figure 1b . The electrical conductance G of this nanopore-containing silicene ribbon is computed using a first-principles quantum transport method, implemented using the well-established codes SIESTA 28 and SMEAGOL 29 . This involves computing the transmission coefficient T(E) for electrons of energy E passing from a source on the left to a drain on the right through the structure shown in figure 1b .
To find the optimized geometry and ground state Hamiltonian of each system, we employed the SIESTA 28 implementation of density functional theory (DFT) within the generalized gradient approximation (GGA) correlation functional with the Perdew-Burke-Ernzerhof parameterization (PBE). Results were found to converge with a double zeta polarized basis set, a plane wave cut-off energy of 250 Ry and a maximum force tolerance of 20 meV/Ang. k-point sampling of the Brillion zone was performed by 1×1×20 Monkhorst-Pack grid. Using the Hamiltonian obtained from DFT, the Green's function of the open system (connected to silicene leads) is constructed and the transport calculation performed using the SMEAGOL implementation of non-equilibrium Green's functions 29 .
To use the non-equilibrium Green's function formalism, the Hamiltonian of the whole pore-containing ribbon is needed, both in the presence and absence of nucleotides. The converged profile of charge via the self-consistent DFT loop for the density matrix implemented by SIESTA is used to obtain this Hamiltonian. Employing the SMEAGOL method 29 , the transmission coefficient between two lead in two terminal system is then given by:
where ,
are the level broadening due to the coupling between left and right electrodes and the scatter, ∑ , are the retarded self-energies of the left and right leads and ∑ ∑ is retarded Green's function, where H and S are Hamiltonian (obtained from the DFT self-consistent loop implemented by SIESTA) and overlap matrices, respectively.
For a perfect nanoribbon (ie in the absence of a nanopore), figure 1c shows the variation of T(E) with energy. In this case, the de Broglie waves of electrons travelling from left to right are not scattered and T(E) is an integer equal to the number of open scattering channels available to right-moving electrons. The presence of a sharp feature near the (un-gated) Fermi energy (which we define to be E F =0) is a consequence of the unique band structure of silicene nanoribbons and is associated with edge states. In the presence of a nanopore, the resulting T(E) is shown in figure 1d . In this case electrons are scattered by the nanopore and T(E) is reduced compared to that of the perfect ribbon. Nevertheless the feature near E=0 survives. 
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